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Process for the preparation of a J -lactam antibiotic in wmch a lactam nucleus is subjected to an enzymatic acylaticn reaction 
with the aid of an acylaticn agent at a moiar ratio of acylation agenL'^-lactam nucleus of less than 2.5, with the acylation agent and/or the 
J-lactam nucleus being supersaturated in the reaction mixture during at lea^t part cf the acylation reaction. Ln the process, a concentrated 
slurry or solution, for instance, cf the ^-lactam nucleus and-'cr tnc acylaticn agent with a different pH or a higher temperature than the 
pH or temperature at which the acylation reaction is carried out is added to the reaction mixture during the acylation reaction. Both, the 
j -lactam nucleus and the acylation agent may be supersaturated in the reaction mixture. 
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The ir.ver.cion relates to a process for the 
preparation of a (3-lactam antibiotic m which a p. 
lactam nucleus is subjected to an er.zyr.atic acv^-i-n 
reaction with the aid of an acylation agent at'a molar 
ratio or acylaticn agent /<J. lactam nucleus of less than 
2.5. 

A similar process is disclosed in for 
example WO- A- 95/2 3 897 . 

Trie yield of 3-lactam antibiotic -c be 
achieved in the enzymatic acylaticn reaction according 
to the prior art per amount of p-Iactam nucleus 
employed and ?er amount of acylation agent emoioyed is 
m general relatively low inasmuch as the P-lactam 
nuclei and/or the p-lactam antibiotics often are 
relatively instable, whilst the reaction time is 
relatively long because of the usually lew solubility 
of the reactants. Moreover, at the raiativelv low 
acylaticn agent to P-lactam nucleus ratio mentioned 
only a relatively low yield of P-lactam antibiotic can 
be achieved per amount of P -lactam nucleus employed. 

The invention provides a orocess m whr c- 
in an enzymatic acylaticn reaction a shorter reaction 
time is achieved and a higher yield of [--lactam 

antibiotic is achieved per ax.oun- R-'ar--^ 

^n.w — ±_ p -ac^&m nucleus 

and/or per amount cf acylaticn agent employed, with the 
ratio of the amount cf acylation agent employed to 0- 
lactam nucleus being relatively low. 

This is achieved according to the invention 
m that the acylaticn agent and/or the B-lactam nucleus 


WO 99/20786 

PCT/NL98/00570 


15 


20 


25 


he 


3 0 


^ ec — the reaccicn mixture du-incr a 
least part of the acylation reaction. 

Ths *PPlican t has found that i= is Fosslbl) 

to achieve a hiqh decrpo ~« 

gn degree supersaturation cf the p- 

. lactam nucleus and/or the acylat.cn agent i- the 
reaction mixture and that, especially surprisingly 
supersaturaticn can he Kept stable for hours. This ' 
allows the conc^n^r^'m *~u n 

n " rau * cn °~ tne 3-lactam nucleus and/or 
the dissolved acvlai--or anon- u 

V *° n a9enL to be strongly increased 
so that the reaction proceeds more raciT- .... 

degradation of the (3-lactam antibiotic an^c-'the"" 
reactants and also with a higher yield of P - lacCam 
antibiotic per amount of P -lactam nucleus emploved 
and/or per amount of acylation agent employed This 
also results in a higher production capacity. 

In addition, it is known from literature 
tor example WO-A-92/01061. that a high vieid cf p. 
lactam antibiotic per amount of p-lactam nucleus caQ h& 
obtained by applyiag a high molecular ^ ^ 

acylation agent and the P -lactam nucleus. However a 
drawback of apply.ng a nigh molecular „ tio ^ 
acylation agent and the p-lactam nucleus is that !arge 
amounts of acylation agent are lost as a result c- 

nyaroiysis of the arvi=r^n 

t..e acy.atacn agent !and possibly the P - 

lactam antibiotic). Consequently, a low 
synthesis/hydrolysis ratio ,s/h:, , ne molar rat^c 
between synthesis product ( P -iactam antibiotic, and 
hydrolysis product, is realized. Moreover, it fceen 

-cund that workmc uo i-r-^ . 

- -..e p-lac.an antibiotic is often 

hampered bv a >-^ia-^-«- 

J -e.a^veiy large amount cf hvdrolvted 

acylation agent r<=^ a <= r, - 

y — a_„ e wC p-.actam antibiotic being 
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present in the reaction mixture obtained after th 
enzymatic acylation reaction, as a result cf which 
smaller amount cf 3-lactam antibiotic can be isolated. 

For the purposes of the present invention, 
the yield cf p- lactam antibiotic per amount of reactant 
(P-lactam nucleus or acylation agent; to be achieved in 
the acylation reaction means the (molar; amount of p- 
lactam antibiotic formed in the acylation reaction per 
(molar! amount cf reactant employed. 

For the purposes of the present invent- on 
the solubility of a compound in a mixture means the 
dissolved concentration of the compound in the presence 
of all other components of the mixture, expressed in 
mmoi/litre or mass%. The solubility is measured by 
dissolving the compound at constant pH and temperature 
and in the presence of all components of mixture. 
Thereafter, the solubility can be calculated from the 
amount of the compound dissolved on reaching 
equilibrium (saturated solution). 

For the purposes of the present invention, 
a compound is supersaturated in a mixture when the 
dissolved concentration of that compound in the mixture 
is greater than the solubility. The supersaturation 
factor means the ratio between the two aforementioned 
solubilities (supersaturated divided by saturated) . The 
supersaturation factcr to be achieved and the time 
during which supersaturation is maintained depend on a 
number cf factors such as the nature and concentration 
of the compound, the nature and ccncentrat ions of the 
other components in the mixture, the pH and the 
temperature. The supersaturation factor tc be obtaiend 
depends largely on the compound involved and is 
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preferably larger than 2, mere particularly larger than 


The concentration cf the dissolved p-lactam 
nucleus is expressed as the amount cf dissolved 6- 
iactam nucleus in mcles per kg cf liquid reaction 
mixture; the total concent rat icn of dissolved and 
undissolved p-lactam nucleus is expressed as the amount 
of p - lactam nucleus m mcles per kg cf the total 
reaction mixture; the total reaction mixture may 
contain, besides rhp solution, a plurality ct solids, 
for example D-lactam nucleus, p-lactam antibiotic, 
(hydroiyzed) acylaticn agent and immobilized enzyme. 
Similar definitions are applicable for the acylation 
agent and the p-lactam antibictic. 

A mixture in which the p-lactam nucleus or 
the acylation agent, respectively, is supersaturated 
can be cbtained by means cf for example a pH shift. To 
that end, if necessary, a concentrated mixture can 
first be prepared as a s lurry or a solution by 
dissolving 3-iactam nucleus cr acylaticn agent, 
respectively, present in solid fcrm with the aid of for 
example a pH increase or a pH decrease, or a pH 
decrease, respectively. It is preferred for the G- 
i act am nucleus and/cr the acylaticn agent to be 
dissolved in the mixture obtained. However, it is also 
possible for a portion cf the p-lactam nucleus and/or 
the acylaticn agent to be still present m solid form. 
Subsequently, this slurry cr solution can be subjected 
to a pK decrease or a pH increase, cr a pH increase, 
respectively. In this way, a slurry cr solution is 
cbtained m which the p-lactam nucleus or acvlation 
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agent is supersaturated. 

Any solid 3 -lactam nucleus present can be 
dissolved by for example decreasing the pH until a pH 
lower than 3, preferably lower than 2, in particular 
lower than 1 is reached; or by increasing the -H to a 
pH higher than S, preferably higher than 7 , m 
particular higher than B. In practice, the final pH is 
preferably chosen such that the [3-lactam nucleus goes 
only just completely into solution so that as 
concentrated a solution as possible is obtained. In 
practice the ccncentratec solution will usually have a 
concentration of the 3-lactam nucleus of at least 5 
wt.%. The final pH will usually be lewer than 10 and 
greater than 0 . 

Subsequently, a supersaturated solution can 
be obtained from a solution, whose pH may or may net 
have been decreased or increased, by increasing or 
decreasing the pH to a value between for example 3.0 
and 9.0, preferably between 4.0 and 3.5, m particular 
between 4.5 and 8.0. 

Any solid acylaticn agent present can be 
dissolved by for example decreasing the pH until a 
value lower than 8.0, preferably lower than 6.5, i n 
particular lower than 5 . 0 is reached; preferably, the 
final pH is chosen such that the acylaticn aaent is 
only just completely dissolved and thus as concentrated 
a solution as possible is obtained. In practice, the 
concentrated solution will have a concentration of the 
a cy lacing agent of at least 5 wt.%. The final cH will 
usually be greater than l. 

A mixture supersaturated with for example 
the acylaticn agent can be obtained from a mixture, 


s a 
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prefera-v a sciucio,, whose pH „ y optionally have 
teen reduced w - ^>-~ ^« • 

6C ' fc - leasing tr.e pH to a value greater 
than tor example 4.5, preferably greater than 5 5 < n 
particular greater than 6.0. ' 

Another nanner of obtaining a mixture < - 
which tne 0-lactam nucleus aad/or ^ 

are/xs supersaturated ia £or example by a temperaCure 
decrease, optionally after any solid 3-lactam nucleus 
and/or solid acylation agent present have/has first at 

least partly been dissolved bv a , 

cr PH change . 

Dissolution can be effected by for example 
a temperature increase until for example (virtually) 
all solid matter is m solution, for example to a 
temperature higher than 15 °C, preferably higher than 
20*C, m particular higher than 25°C. Subsequently, a 

supersaturated slurry cr cniMt---- 

* ° r solj ticn can oe obtained from 
the obtained mixture by de-»asi-a t-h~ - 

/ ue asi..g the temperature to a 

temperature lower than 2 0°C. preferably 

m particular lower than lo°C. 
The supersaturated mixture oreferablv 
prepared by changing the P H inasmuch as a highe^ _ 
supersaturation factor can then be achieved, m 
practice, a p H chance and a temperature decrease wi- 
usually be arrO i »^ <- , - ^ 

applied s.muitaneous.y m the preparation of 

a supersaturated solution. 

-n a suitable embodiment of the p-cc-ss 
according to the invention first a mixture m^hich t*e 
0-lactam nucleus and/=r the acviatxcn acent are,- s 
supersaturated is prepared, whereupon the acylation 

reaction is smarted bv f c - ev ai ^^ 

: e^amp^e adding ( immobilized 1 

en z vine . ^b <=> r^^on*. - ■ - "~ ' 

— e c^centratior. cr the reactants will 
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decrease during the acylation reaction so -, a - 
supersaturaticn will have gene by the end of t " he 
acylation reaction. anoCher sultafcle emiod ^ nt ^ 
acylation reaction .3 started with a pcrtiQn Qf ^ 
lactam nucleus and/or the acylation agent. wnich mav ^ 
may not be supersaturated, whereupon supersacuration is 
either maintained or brought about by addina to tn . 
reaction mixture, for example by titration a 
concentrated mixture cf the (3-Iactax nucleus and/or the 
acylation agent with a different P H or a higher 
temperature than Lhe P h or temperature at which the 
acylation reaction is carried out. In practice, the P - 
lactam nucleus and the acylation agent may both be 
present in supersaturated condition durina the 
acylation reaction, for example by meterina into the 
acylation reactor a concentrated solution or slurry of 
the 3-lactam nucleus (with a high P H or optionally with 
a low pK, and at the same time a concentrated solutior 
cr slurry of the acylation agent (with a low DH ) 
in so doing, the P K can if desired be Kept constant 
during the acylation reaction by fcr example titration 
The process according to the invention can 
very suitably be used in the preparation of cefaclor 
Cefaclor exhibits poor stability at high 
wnnst the solubility of the corresponding P -lactam 

nucleus ( 7 -amino - 3 - c^-lc-a- -° * a „ . 

" lc -° - e ----em-4-carboxy!ic ac-id- 
--ACCA; is i ow a - rhcse pH values ;afccut g ^ ^ 

which degradation of cefaclor still is relative!" low 
As a result, the yield of cefa = lor ,. as low a= ^ 
relatively high and relatively low P H, so that a 

technically/commercial 1 -/ a tr- a -M-. B 

auL.a.ti.e prccess was net 

possible. The vi<="d of <-,»«a,--i «^ 

.-l--c cefaclor per amount of 7-ACCA 
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employed and per ancur.: of acyiation agent employed 
could admittedly be improved by using for example 
naphthol as a oomplexing agent; the use cf such tcxic 
auxiliary materials m the preparation of antibiotics 
5 is, however, disadvantageous in that they need to be 
completely removed, which entails additional process 
steps, with a strongly negative effect on process 
economics. Surprisingly, it has been found that the 
process according to the invention allows an 

10 except icnally high super saturat ion factor (> 10) to be 
achieved so that the acyiation reaction can be carried 
out at a relatively iow pH (6.0-6.5) whilst, yet, the 
concentration of tne p - lac tarn nucleus is sufficiently 
high. Thus, it is now possible to prepare cefaclor in 

15 high yields through enzymatic acyiation without using 
auxiliary materials so that a technically/ commercially 
attractive process can be realized. 

Another application of the process 
according to the invention lies in the preparation of 

2 0 for example ampicillm by acyiation of 6- 

amincpenicillamc acid (6-APA) with the aid of D - phenyl 
glycine amide (FGA) . Since 6-APA and ampicillin degrade 
relatively quickly at high concentration and at high pH 
it is important to have the acylaticn reaction proceed 

25 as rapidly as possible at as low a pH as possible. 3y 

for example increasing the pH of a mixture cf 6-APA and 
FGA to a value between 7.0 and 8.3 and then immediately 
lowering it to a pH between 6.0 and 6.5 and then 
immediately initiating the enzymatic reaction it has 

30 been found possible to achieve, in a short period of 
time, a high yield of ampicillin per amount cf 6-APA 
employed and per amount of acyiation agent employed, 
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with a relatively hich -c^c—^^— i - «\~- ■ ■ 
present in the solution only very briefly and with" 
degradation of ampicillin being kept low at the 
relatively lew pH value. At the sane time, hydrolysis 
cf FGA to D-phenyl glycine f FG 1 is restricted. 

The process according tc the invention can 
also be applied with advantage in the enzymatic 
preparation of cephalexin through acylation of 7- 
aminodesacetcxycephalosporanic acid (7 -ADCA) with the 
aid of D-phenyl glycine amide 1 FGA) . The acylation 

reaction is ::snaiiv _ = ^^,„^, _ _ , 

- ---- w^i. a _ a iKidLiveiy high dH 

value, for example between 7.5 and a. 5, and is attended 
by (unwanted) hydrolysis of FGA into D-phenyl glycine 
(FG) . The reaction can be accelerated, and hydrolysis 
of the acylation agent can be limited, by applying the 
process according to the invention, for example by 
first raising the pH of a mixture of FGA and 7 -ADCA to 
for example a pH between 9.0 and =.0 and tnen 
acidifying the mixture again to a pK between 6.5 and 
8.5. 

Another example cf the process according to 
the invention is its application in the enzymatic 
preparation of amoxicillin from 6 -A? A and D- P - 
hydrcxyphenyl glycine methyl ester ( FGHM ) and m the 

preparation c ^ rps- — ^ - " ^ , , _ , 

c „ , ana FGHM. The 

solubility of FGHM is relatively low and decreases with 
increasing pK, whereas the snlubi i ; - <r , * 
ADCA is also relatively low and decreases with 
decreasing ? H . zt has been found that subjecting a 
mixture of for example 6-APA cr 7 - ADCA and FGHM to a p H 
decrease to a value at which FGHM is virtually 
completely dissolved (for example a p H value between 5 
and S) and next tc a pH increase to a value between for 
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example 6 and 7.5 enables a supersaturac ion cf FGHM by 
a factor cf 3-5 to be achieved. Thus, the acylation 
reaction can be carried cut at a somewhat higher pH, 
with a higher concentration of dissolved (3-lactam 
nucleus, whilst the concentration cf the acylaticn 
agent is also relatively high. 

Another embodiment is to dissolve 7-ADCA to 
a relatively high concentration with a base to a pH 
between for example S and 9 and then adding a 
concentrated, acid solution of FGHM, m which process 
the pH decreases. In this embodiment, supersaturation 
of both 7-ADCA and FGHM can be achieved at the same 
time. The enzymatic reaction can be started after all 
reactants have been added. It is also possible to add 
(a portion of the) concentrated FGKM or 7-ADCA solution 
(or slurry) during the reaction. 

Another example cf the process according to 
the invention is its application in the enzymatic 
preparation of cefazolin from t et razoie - 1 - acet ic acid 
and as a p-lactam nucleus 7 - ammocephalosporanic acid 
(7-ACA) or 7 -ammo- 3- (5 -methyl- 1, 3 , 4 - thiadiazol e - 2 - yl - 
thiomethyl} - 3 -cef -em-4 -carbcxylic acid (7-ACA-MMTD) As 
the acylatmg agent does not contain an a-amino group, 
a so-called thermodynamical ly controlled coupling 
reaction with the acid may be performed. The optimum pK 
for such thermodynamically controlled coupling reaction 
is preferably between 4.0 and S.S. At this pH the 
solubility of the p-lactam nucleus is relatively low. 
It has appeared that the conversion in the ccuplinc 
reaction can be strongly enlarged by adding a 
concentrated solution cf the 3-lactam nucleus with a 
relatively high pH (for instance between 7.3 and 9.C) 
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to :he e-:^a::: reaction fixture, while the pK of the 
reaction mixture is kept at a value between 4.0 and 
6.5, e.g. by titration with an acid. 

The process according to the invention can 
suitably be applied in the preparation of p-iactam 
antibiotics, fcr example cephalexin, acnpicillin. 
cefaclor, amoxicillin, cephradine, cef adroxii , 
cefotaxime, cef azolm., cefprozil, Icracarbef and 
cef alcglycin . 

Puty 0- lactam nucleus can in principle be 
used, in particular a S-iactam nucleus with the general 
formula ( 1 ) 


15 


20 



where Ro represents H or an alkoxy group having 1-3 c 
atoms; v represents CH, , O, S cr an oxidized form cf 
15 sulphur; and Z represents 


\ /CHi 


X 


; r 


where represents for example H , OK, halogen, an 
aikcxy group having 1-5 Z atoms, an alxyl group having 
2 5 1-5 C atoms, a cycloaikyl group having 4-3 z atoms 


an 
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aryl or a heteroaryl group having 6-10 C atoms, m 
which the groups may or may not be substituted with for 
example a. alKyl , a, aryl, a carboxy or an aikoxy grouD 
Having 1-8 C atoms; and where the oarboxylio acid grouo 
nay ce ar. ester group if sc desired. 

Suitable examples of p-lactam nuclei that 
may be employed in the process according to the 
invention are penicillin derivatives, for example 6- 
aminopenicillanio acid ffi-APA) and cephalosporic acid 
derivatives, for example a 7 - ammccepha 1 osnorar.ic o.cid 
with or without a substituent at the 3-site, for 
example 7 -aminocephalcsporanic acid (7-ACA), 7- 
aminodesacetoxycephalosporanic acid (7-ADCA)', 7-amino- 
3-chloro-cef-3-em-4-carbcxylic aoid (7-ACCA), 7-amino- 
3- (1-propenyl) - oef - 3 -em- 4 - carboxylic acid (7-PACA), 7- 
amino-3- ( 5 -methyl - : , 3 , 4 - thiadiazole - 2 -yl - 
thiomethyl)cef-3-em-4-carboxylic acid (7-ACA-MMTD) 

and 7-amno-3-chlor C -8-oxo-i-azabicyclo(4.2.0]cct-:- 
ene-2-carboxylic acid. 

In the .enzymatic; acylation reaction, the 
acylation agent may be for instance a phenyl glycine in 
activated form, preferably a (primary, secondary or 
tertiary) amide or salt thereof, or a lower alky! (i- 
4C) ester, for instance a methyl ester- suitable oheny 1 
glycines are for example substituted and unsubst ituteT 
phenyl glycines, m particular phenyl glycine, o- 
hydroxyphenyi glycine, dihycrophenyl glycine, in 
addition a-substituted acetic acid derivatives and the 
corresponding amides and esters may ce applied, for 
instance phenyl acetic acid, phencxy acetic acid, 
tetrazoie-l-acetic acid, mandeiic acid or thienyl 
acetic acid. 
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In principle, any er.:v-ne chat 15 suitable 
as a catalyst in the coupling reaction can be used as 
the enzyme. Such enzymes include the enzymes 
collectively referred to as penicillin amidase cr 
penicillin acylase . Such enzymes are described in for 
example C.G. Shewale ec al . , Process Biochemistry, 
August 1989, pp. 145-154 and in J.G. Shewale et all, 
Process Biochemistry International, June 19SC, pp. 97- 
103. Examples cf suitable enzymes are enzymes derived 
from Acetcbacter . m particular Acecobacter 
nasren-i *r_vn, Aero m or .a c . A J L c?lig^ ^eg , in uai.^uiar 
Alcal jgenes ^gcaUs, Aphan gclacUum , Bacillus sn . . in 
particular gacillus negaterium , Ceoha lesror iun . 
Escherichia . in particular Escheric hia coli. 
F lavobacterium . Fusanum . in particular Fusarium 
cxr/sgorum and Fy??,r;;in Solapj, Kluyvera , Mvcoplana . 
Protaminobacter . Proteus , in particular Proteus 
rettgarj , Pseudcmonas and XanthoT.cnas , in particular 
Xanthcmonas citrii . 

Preferably an immobilized enzyme is used, 
since in that case the enzyme can be easily isolated 
and re-used. 

Particularly suitable enzym.es among 1 he 
immobilized enzymes that are commercially available are 
for example the Escherichia cell enzyme i r om Boenrmger 
Mannheim GmbK , which is commercially available under 
the n ame En z yge 1 R , 1 he i mmc bilized Penicillin -G acylase 
f rem Recordati and the immobilized Penicillm-G acylase 
from Pharma Biotechnology Hannover. In addition, 
enzym.es may also be utilized in crystalline form 
(CLEC • s™) . 
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The temperature a: which the enzymatic 
acyla::cn reaction is effected usually is below 40 3 C, 
preferably between -5 and 3 5°C. The pH at which the 
enzymatic acylation reaction is effected usually is 
between 3.0 and 9.3, preferably between 4.0 and 3.0. 
The optimum pH for a kmetically controlled coupling 
reaction is relatively high, for instance between 4.5 
and s.z, preferably between 5.5 and 8.5, in particular 
between 6.0 and 8 . C . The optimum pH of a 
thermod'/namically controlled coupling reaction 
generally is lower and lies for instance between 3.0 
and 7.c, preferably between 4.0 and 6.5. 

The reaction preferably is stepped almost 
completely when maximum conversion has virtually been 
achieved. A suitable embodiment for stopping the 
reaction is to lower the pH, preferably to a value 
between 4.0 and 6.3, m particular between 4.5 and 5.7. 
Another suitable embodiment is to lower the temperature 
of the reaction mixture on attaining the maximum 
conversion. A combination of the two embodiments is 
possible also. 

Once the reaction has been stopped on 
attaining the maximum conversion, the reaction mixture 
usually is present in the form of a suspension 
comprising a plurality of solids, for example the 
antibiotic, 2- -phenyl glycine and, possibly, immobilized 
enzyme. The immobilized enzyme preferably is recovered 
in the interest of process economics. This can suitably 
be accomplished by for example by filtering the 
reaction mixture cn a sieve, while stirring, the 
stirrer's direction of rotation being chosen so that 
the suspension is pumped upwards at the centre of the 
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stirrer. Sub s equen t ly . valuable c 3 up cr.en:s such as the 
antibiotic and F G can be recovered by means of for 
example a pH change . 

For the purposes cf the invention, a pH 
5 change can be brought about by adding an acid. Suitable 
acids are for example mineral acids, in particular 
sulphuric acid, hydrochloric acid or nitric acid and 
carbcxylic acids, for example acetic acid, oxalic acid 
and citric acid. A pH increase can be brought about by 

1C for example adding a base. Suitable bases are for 
exaaiult; .ncrgani: oases, in particular ammonium, 
hydroxide, potassium hydroxide or sodium hydroxide, and 
organic bases, for example triethyl amine and FGA. 
Preferably, ammonium hydroxide is used. 

15 The enzymatic acylaticn reaction and the 

measures mentioned, for example the preparation of the 
supersaturated mixtures, can be effected in water. If 
desired, the reaction mixture may also contain an 
organic solvent or a mixture of organic solvents, 

2 0 preferably less than 30 vol . < . Examples of suitable 

organic solvents are alcohols having 1-7 C a tons, for 
example a mcncalcohol , in particular me t nana 1 or 
ethanol ; a did, in particular ethylene glycol, or a 
tricl, in particular glycerol. 
25 The molar ratio of acylaticn agent to (3- 

1 act am nucleus, i.e. the total amount of acylaticn 
agent added, divided by the total amount of £ -lactam 
nucleus added, expressed in moles, is less than 2.5. It 
is preferred for the molar ratio to be between 0.5 and 

3 0 2.C, in particular between C.7 and 1.3. 

The enzymatic acylaticn reaction is 
preferably carried out as a oaten process. If desired, 
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the reactic^ ^i^-^ -^^ • 

— car. alsv, oe carried out continuously. 

The invention will be further elucidated by 
means of the following examples, without however b-irq 

restricted theretc. 


Ahbreviar i n-n^ - 

7-ACCA: 7-amino-3-chl 0 ro-cef-3-em-4-carbcxylic acid 

7-AECA: 7 - aminodes ace t cxycephalcsporanic acid 

6-AFA: 6-amino-penicilianic acid 

AMPI: ampicillin 

ccl : cefaclor 

CEX: cephalexin 

FG: 3-phenyl glycine 

FGA: ^-phenyl glycine amide 

FGH: D "P-hydroxyphenyl glycine 

FGHM: D-p-hydrcxyphenyl glycine methyl ester 

Assemhlase™ is an immobilized Escherichia 
coli penicillin acylase from s. coli ATCC 1105 as 
described m WO-A- 97/04085 . The immobilization is 
effected as set out in EP-A-222462, with gelatin and 
chitosan being used as gelating agents and 
glutaraidehyde as cross linking agent. 

The ultimate activity of the Escherichia 
coli penicillin acylase is determined by the amount of 
enzyme added to the activated globules and amounted to 
3 ASU/g of dry weight, i ASU (Amoxicillin Synthesis 
Unit) being defined as the amount of enzyme' capable of 
prcducing 1 g of Amoxicillin . 3K 2 0 from S-APA and FGKM 
per hour (at 2 3«C,- 6.5% 6-APA and S.5V FGHM) , 


WO 99/20786 


PCT/NL98/00570 


Comparative Fxarvp ^p ; 

Syndesis ?f r^f^i cr ^-ACCA nor, ^r ers^,,^^, 

An enzyme reactor (1.5 1, diameter 11 ex), 
fitted with a 175 urn mesh sieve bottom, was filled with 
130 g cf net-wet Asse-tlase™. 

A preparation reactor {1.2 1} was filled 
with 75.4 g of FGA (0.500 mole), 4.C g cf sodium 
bisulphite. 700 g cf water, S . 6 g of 4N H : SC 4 and 72 . 1 g 
of 7-ACCA (0.300 mcl: . This mixture was stirred at T = 
10°C; the pH was 7.5. Subsequently, the mixture was 
transferred into the enzyme reactor with the aid cf lis 
mi of water (T = io°c- 

The stirrer in the enzyme reactor was 
switched cn at t = c. The temperature was kept at io°C. 
The pK was kept at 7 . 5 by titration with 4N K 2 SC< . 
At t = 48 minutes the enzyme reactor contained approx. : 

2 15 mmel CC1 (conversion = 72*; 

7 0 mmol 7-ACCA 
17 5 mmol FGA 

5 5 mmol FG 

At t = 81 minutes the enzyme reactor contained approx. ; 
212 mmol CC1 (conversion = 71%; 
61 mmol ^-ACCA 

8 3 mmol FGA 
IS 2 mmol FG 

Thereafter, the amount cf CC1 decreased. The 
concentrations (C! m mmcl/kg of FGA m solution :FGA 3 ,<, 
total FGA (FGA.) , ~ - ACCA in solution (ACCAJ , total 7- 
ACCA <ACCA t ) and tctal CCL (CCL t ) , during the reaction 
are shown in Fig. l as a function cf time ( T ) in 
minutes (min . ) . 
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Sa mpl e ; 

SYT^hes i s Qf r p^dcr ' -- A CTA sucersatur.^.P^) 

An enz^e reactor [1.5 1, diameter 11 cm; 

fitted with a 175 urn mesh sieve better, was filled with 

3 0 0 g of ne :-vet Assemblase . 

A preparation reactor ; 1 . 2 1] was filled 

with 86.6 g cf 7-ACCA (0.360 nol ) , 67.8 g of FGA (0.450 

mol), 4.0 g cf sodium bisulphite and 402 g of water. 

This mixture was stirred for 5 minutes at T = 10°C; the 

pH was 7.4. 

The pH was brought to 8.0, while stirring, 
with the aid cf 16 . 3 g cf concentrated ammonium 
hydroxide. Subsequently, the pH was lowered from 8.0 to 
6.4 by metering m ^3.8 ml of 4N H 2 SO A in 2 0 minutes. 
Next, at t = 0 , the mixture was transferred from the 
preparation reactor to the enzyme reactor with the aid 
of 140 ml cf water ;t = 10°C) . 

The stirrer in the enzyme reactor was 
switched cn at t = C ; T = 1C C C. The pH was kept at 6.4 
by titration with 4N K 2 SO< . After 7 hours, 6 6.0 ml of 
acid had been added. The reactor now contained: 

3 00 mmel CC1 (conversion = 33%) 
5 5 mmo 1 7 - AC CA 

10 0 mmci FGA 

4 5 mmc 1 FG 

The concentrations !C) in mmcl/>g cf FGA m solution 
(FGA g ) , total FGA i'FGA.) , 7-ACCA m solution ,ACCA 3 ; 
total 7-ACCA (ACCA.) and total CCL { CCL C . , during the 
reaction are shown m Fig. 2 as a function cf time (T; 
in minutes (min. ) . 
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SVT^^esig *t fabler '"-ACCA supersaturated and 7-AC7^ fi 

being metered in during the enzymatic reaction! 

An enzyme reactor (1.5 1, diameter 11 cm; , 
5 fitted with a 175 urn mesh sieve bottom, was filled with 
150 g of net-wet Assemblase"^ . 

A preparation reactor (1.2 1) was filled 
with 48. 1 g of 7-ACCA i 0 . 2 C 0 mcl), 75.4 g of FGA (0.500 
mol) , 4.0 g of sodium bisulphite and 175 g of water. 
10 This mixture was stirred for 5 minutes at T = 10°C; the 
p 1 1 was t . i j . 

The pH was brought to 9.0, while stirring, 
with the aid of 15.5 g of concentrated ammonium 
hydroxide. Subsequently, the pH was lowered from 9.0 to 

15 6.4 by metering in 80.6 ml of 6N H 2 S0 4 in 45 minutes. 
Next, at t = 0 , the mixture was transferred from the 
preparation reactor to the enzyme reactor with the aid 
of 4C g of water (T = 10°C) . 

The stirrer in the enzyme reactcr was 

20 switched on at t = C . The temperature was kept at T = 

10°C. 244 g (0.200 mol) of 7-ACCA solution were metered 
in at a constant rate in 109 minutes. The solution had 
been freshly prepared by suspending 48.1 g of 7-ACCA 
(0.2CO mcl) in 183 g of water at T - 3°C and raising the 

25 pH to 8.2 with the aid of 13.2 concentrated , in 

which process all 7-ACCA dissolved. From t = 0 onwards, 
tne pH m the enzyme reactcr was kept at 6.4 by 
titration with 6N H 2 SC 4 . At t --- 3 5 0 minutes the enzyme 
reactor contained: 

3 0 3 50 mmol CCl (conversion - 23%) 

4 5 mmol 7 - ACCA 
8 0 mmo 1 F3A 
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6 5 nine I F G 


At t - 400 minutes the amount c: Cefaclor was maximum 
and the pH was lowered to 5.0 by adding 6N H 2 SG 4 . The 
5 enz\Tie reactor new contained: 

3 70 mmcl CC1 { conversion - 9 2%) 
2 5 mncl ~ - ACCA 

4 0 mmcl FGA 
8 5 mmo 1 FG 

10 The concentrations iCi in mmcl/kg of FGA in solution 
( fc'GAg ) , total FGA (FGA.:, 7 -ACCA in solution ( ACCA 3 ) 
total 7 -ACCA (ACCA C ; and total CCL (CCl t ), during the 
reaction are shown in Fig. 3 as a function of time (T) 
in minutes (mm.) . 

15 

Comparative Experiment B 

gynt hesis of Ampicillin fg-A?A not supersaturated) 
First a solution of FGA. 1/2 K 2 S0 4 was 

prepared. 301.6 g of FGA (2.00 mol} were suspended in 
20 65C g of water at T = 5°C. 102.1 g of 96V H 2 SC 4 (1.00 

moi) were added dropwise while stirring, with the 

temperature being kept at T < 25°C by means of ceding. 
Next the enzymatic condensation was 

performed. An enzyme reactor ; 1 . 5 1, diameter 11 cm). 
25 ritted with a 175 urn mesh sieve bottom, was filled with 

3 0 0 g cf net-wet Assexl)lase T \ 

A preparation reactor (1.2 1) was filled 

with 131.6 g of 5-APA (0.600 mc 1 ) , 30.2 g of FGA (C.200 

moil and 4 00 ml of water (T = 10°c; . This mixture was 
30 stirred for 15 minutes at T = 10 C C and subsequently, at 

t - 2 transferred into the enzyme reactor with the aid 

of i:o ml of water !T - 10 D C) 
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switched on at t - 0. 423.7 g i 0 . 8 : : ncl) cf 
FGA . 1 / 2K 2 SC 4 were added to the solution at a constant 
rate in 28 2 minuses, with the temperature being Kept at 
5 10°C. The pH was 6.2 . From t = 32B niautes onwards, the 
pH was kept at 5.3 by titration with £N H 2 S0 4 . 

At t = 54 0 minutes the amount of Amp ic ill in 
was maximum and the pH was lowered to 5.5 by adding 6N 
H : S0 4 . 

10 The enzyme reactor now contained: 

57 5 mmci AM P I (=96% relative to the amount 
of 6-APA employed) 

15 mmol 5-APA 
5 0 mmol FGA 
15 3 6 5 nunc 1 F G 

The concentrations [C] in mmol /kg of FGA in solution 
( FGA 9 ) , total FGA (FGA.), 6 -A?A m solution (APA 3 ; , 
total 5-APA ( APAr ) and total Amp i (Ampi t ; occurring 
during the reaction are shown, m Fig. 4 as a function 
20 of time (T) in minutes (min., . 

Example III 

Synthesis cf Ampicillm (6-APA supersaturated) 

An enzyme reactor (1.5 1. diameter 11 cm) , 

2 5 fitted with a 17 5 urn mesh sieve bottom., was filled with 

300 g of net-wet As semblase™ . 

A preparation reactor ,1.1 i; was filled 
with 550 ml of water ;t = 10 5 :; , 13S.S g ,0.920 moi) of 
FGA and 13 1.6 g (C.5C0 mol) of 6 - A? A . After 3 minutes 

3 0 at 10°C a clear solution obtained with a pH value of 

7.4. Subsequently, the pH was brought to 6.5 with 96 V 
H 2 S C 4 v ca. 15 g) and after stirring for 3 minutes at 
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1C°C the solution was transferred to the enzyme reactor 
at t = 0 v;:r. the aid i:o ml of water (T = 10°c; 

At t = 0 the temperature was i:°c and the pH 
= 6 . j . During the enzyme reaction the pH was kect at 
6.2 by titration with :N H 2 30 4 . At t - 300 minutes the 
amount of AMPI was maximum and the pH was lowered to 
5.6 by adding 6N H 2 S0 4 . 
The enzyme reactor now contained: 

575 mmcl AMP I (= 96% relative to the amount 

15 mmol of 6-APA 
4 0 mmcl cf FGA 
2 95 mmcl ?G 

The concentrations (C) in mmol/kg of FGA in solution 
( FGA 3 ) , total FGA ( FGA C } , 5 -A?A in solution (APAJ, 
total 6-APA (AFA t ) and total Ampi (AmpiJ , occurring 
during the reaction are shown in Fig. 5 as a function 
of time :T) in minutes (mm.). 

Comparative Exarr.pl e 7 

Synthesis cf Cephalexin ^-ACCA not supersaturated! 

An enzyme reactor 11. 5 1, diameter 11 cm), 
fitted with a 175 urn mesh sieve bottom, was filled with 
7 5 g cf net -wet Asse^Jolase™. 

A preparation reactor ;i.2 I was filled 
with 6 6 e g of water IT = 4 c C ) , 4.0 g of sodium 
bisulphite, 13 0.3 g of 7-ADCA (0.600 moi> and ^5.4 g of 
FGA (0.5:c no!) . ^ 8 g 3 f ccncent - ratec ^ ammonium 
hydroxide were added, whereupon the suspension was 
stirred for 15 minutes at T=4 Q G. The pH was 7.8. 

Subsequently, at t=0, the suspension was 
transferred into the enzyme reactor with the aid cf 50 
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xl of water = 4 °c:<. The stirrer m the enzyme reactor 
was switched on at t = o . The temperature was kept at 
I = 4°C all the time. All 7-AECA had dissolved after 
approximately 75 minutes; thereafter, a clear solution, 
5 apart frcm solid As semblase"^ was present. After 21C 
minutes the pH had risen to 8.6. 
The reactor now contained: 

3 93 mmcl CEX (conversion = 66%; S/H = 6.1) 

200 mmol 7 -ADC A 
10 6 4 mmol FG 

3 3 mmol FGA . 

S/H {in mmol CEX/mmol FG) as a function of conversion 
(in %) is shown m Fig. 6. 


TV 


20 


25 


SYTlthesis of cephalexin f 7 - AH C A 5u^r ? aturatPd) 

An enzyme reactor (1.5 1, diameter 11 cm), 
fitted with a 175 urn mesh sieve bottom, was filled with 
75 g of net-wet Assemblase™ . 

A preparation reactor (1.2 1) was filled 
with 600 mi of water ( T = 4°c; , 4 . 0 g of sodium 
bisulphite, 130.3 g of 7-ADCA (0.60C mol) and 90.5 g of 
FGA (0.600 mol). The suspension was stirred for 15 
minutes at T=4°C. The pH was "VS. 

The pH was brought to s.6, with stirring, 
using 43.6 g of concentrated ammonium hydroxide. 
Stirring was effected for 5 minutes at T=4°C. 
Subsequently, 21.2 g of concentrated K 2 SO, were added. 
The clear solution was stirred for 13 minutes at T=4 3 C. 
3 0 The pH was 7.4. 

Subsequently, at t = 0 , the suspension was 
transferred into the enzyme reactor with the aid of 50 
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ml cf water ( T - 4°c; . The stirrer in the enz\T,e reactcr 
was switched on at t = c . The temperature was ken t at 
T = 4 C C all the time. At t=90 minutes the pH had risen to 
3. 05, 5.5 g of concentrated H 2 S0 4 were added, causing 
5 the pK tc decrease tc "."5. A clear solution, apart 
from solid Assemblase™ , was present throughout the 
enzyme reaction. 

After 340 minutes the pH had risen to 8.5. 
The reactcr now contained: 
10 4 4 5 mmo 1 C EX ( c onve r s i on = 7 4V > / u - 7.2} 

146 mmol 7 - ADC A 
6 2 mmol FG 
8 0 mmol FGA. 

S/H (in mmcl C EX /mmol FG) as a function of conversion 
15 (in %) is shown in Fig. 6. 

Example, V 

Synthesis cf Cephalexin '7-AOCA supersaturated) 

An enzyme reactor (1.5 1, diameter 11 cm) , 
20 fitted with a 175 (am mesh sieve bottom, was filled with 

75 g of net-wet Assemblase™. 

A preparation reactcr (1.2 1) was filled 

with 500 ml of water (T = 4°C) , 4 . 0 g of sodium 

bisulphite. 162 9 g cf 7-AECA I : . 7 5 C mci) and 113.1 g 
2 5 cf FGA ; 0.750 moi; . The suspension was stirred for 15 

minutes at T=4°C. The pH was 7.6. 

The pH was brcught to 8.7, with stirring, 

using 55.6 g of concentrated ammonium hydroxide. 

Stirring was effected for 5 minutes at T-4°C . 
30 Subsequently, 9 . 6 g of concentrated H 2 SC 4 were added. 

The clear solution was stirred for 15 minutes at T=4°C . 

The pH was 8.0. 
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Subsequently, a: t = 0, the suspension was 
transferred, into the enzyme reactor with the aid cf 50 
ml of water (T = 4°C) . The stirrer in the enzyme reactor 
was switched cn at z = 0 . The temperature was ket>t at 
5 T-4°C ail the time. After SO minutes the pH had risen to 
8.3. The pH was now Kept at 6.3 by titration with 
concentrated K 2 S0 4 . 

At t=300 minutes a total cf 23.4 g of concentrated K 2 SC 4 
had been titrated. At this point titration was stoprjed; 
10 at t=450 minutes the pH had risen to 3.7. 

A clear solution, apart from solid 
Assemblase™, was present throughout the enzyme 
reaction . 

At t =4 5 0 minutes the reactor contained: 
15 545 mmol CEX {conversion = 73%; S/H = 8.5) 

135 mmol 7-ADCA 
6 4 mmol FG 
12 9 mmol FGA. 

S/H (in mmol CEX/ mmol FG) as a function of conversion 
2C (in %) is shown in Fig. 5. 

Comparative Experiment D 

Synthesis of Cefa droxil (neither 7 - AECA nor FGHM 
supersaturated) 

25 An enzyme reactcr (1.5 1, diameter 11 cm), 

fitted with a 175 urn mesh sieve bcttcm. was filled with 
300 g of net-wet Assemblase™. 

A preparation reactor (1.2 1) was filled 
with 63.7 ml of 7-AECA (0.253 moi;, 107.1 g of FGHM 

3C (3.590 mcl), 4.0 g cf sodium bisulphite and 440 g cf 

water. This mixture was stirred for 5 minutes at T=10°C 
with the pH being kept at 7.0 with the aid of 7.5 g of 
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concentrated ammonium hydroxide . 

At t=0, the suspension was transferred from 
the preparation reactor into the enzyme reactor with 
the aid of 50 ml of water (T = 10°C) . The stirrer in the 
enzyme reactor was switched on at t = z . The 
temperature was kept at T=10°C ; the pH remained constant 
at 7.0 (no titration) . 

After 380 minutes the enzyme reactor contained: 

68 mmol Cefadroxil (conversion = 23%; 

S / K - 0 . £ 7 ; 
22 2 mmol 7 -ADC A 
42 0 mmol FGHM 
101 mmol FGH 

The concentrations (c) in mmcl/kg of total Cefadroxil 
(Cefadroxil c ) , total FGK (FGH t ) , total FGHM ( FGHM t ) , 
FGHM in solution ( FGHM B ) , total 7-ADCA ( 7-ADCA.) and 7- 
ADCA in solution (7-ADCA,), occurring during the 
reaction are shown in Fig. 7 , as a function of time (T) 
in minutes (min.) . 

Example VT 

Synthesis Of Cefadroxil (both FGHM and 7-Anra 
supersaturated) 

An enzyme reactor '1.5 1 diameter 11 cm ) 
fitted with a 175 urn mesh sieve bottom, was filled with 
270 g of net-wet Asserri:lase^. 

A preparation reactor (1.2 1} was filled 
with 97.7 ml of 7-ADCA (0.44S moi), 4 . 0 g of sodium 
bisulphite and 250 g of water (T=10°c: . The suspension 
was stirred for 5 minutes at T=10°C. Subsequently, the 
pH was brought to 8 . 1 with the aid of 40.3 g of NH 3 , in 
which process a clear solution evolved (T=10°C) 
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A sec end preparation reactor was filled 
with S8.5 g of FGHM (0.53a mol), 60 g of water (T=1C°C) 
and 105.1 g of 6N H 2 SG< solution. This solution was 
brought to T = 1Q C C; pH = 2.3. 
5 The 7-AECA solution from the first 

preparation reactor was transferred to the enzyme 
reactor with the aid of 20 ml of water (T=10°C) . The 
stirrer in the enzyme reactor was switched cn . From t=0 
the FGHM solution from the second preparation reactor 

10 was metered into the enzyme reactor at a constant rar.p 
in 120 minutes. The temperature was kept at T=10°C. 

After 3 0 minutes the pH had decreased from 
8.1 to 6.8. Next, the pK was maintained at 6.8 by 
titration with a concentrated ammonium hydroxide. 

15 At t=120 minutes, 8.3 g of concentrated ammonium 

hydroxide had been added. Titration was stopped; the pH 
continued to be 6.8. 

After 420 minutes the enzyme reactcr contained: 

3 90 mmol Cefadroxil (conversion = 87%; 
20 S / H = 4 . 0 ) 

5 0 mmol 7 - ADC A 

4 4 mmol FGHM 
9 7 mmol FGH 

The concentrations 'Ci in mmcl/kg of total Cefadroxil 
25 (Cefadroxil,; , total FGH (FGH.) , total FGHM ( FGKM t ) , 

FGHM in solution (FGHM 8 ) , total 7 - ADC A ( 7 - ADCA t ; and 7- 
ADCA in solution (7-ADCA g ) , occurring during the 
reaction are shown in Fig. 5, as a function of time (T) 
m minutes (min.) . 
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1. Process for the preparation of a [3-lactam 
antibiotic in which a P-lactam nucleus is 

S subjected to an enzymatic acylation reaction with 

the aid cf an acylation agent at a molar ratio of 
acylaticn agent /P- lactam nucleus of less than 
2.5, characterized in that the acylation agent 
and/cr the p-iactam nucleus are/is supersaturated 
10 1n - — - reaction miALure during at least part of 

the acylation reaction. 

2. Process according to Claim 1, in which the 
acylation agent and/cr the p-lactam nucleus 
are/is supersaturated in the reaction mixture at 

15 the beginning of the acylation reaction. 

3. Process according to Claim 1 or Claim 2, in which 
a concentrated slurry or solution of the P-lactam 
nucleus and/or the acylation agent with a 
different pH or a higher temperature than the pK 

20 cr temperature at which the acylation reaction is 

carried out is added tc the reaction mixture 
during the acylation reaction. 

4. Process according to any one of Claims 1-3 in 
which the p-lactam nucleus is supersaturated in 

25 the reaction mixture. 

5. Process according to Claim 4 in which a mixture 
m which the p-lactam nucleus is dissolved is 
subjected to a pH decrease cr a pK increase until 
a pH between 3.0 and 9.0 is reached. 

5. Process according to Claim 5 in which the pH 

decrease or pH increase is effected until a pH 
between 4.0 and 9.5 is reached. 


30 
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Process according tc any one of Claims 1-6 — 
which the acylation agent is supersaturated in 
the reaction mixture. 

Process according to Claim 7 in which a mixture 
in which the acylation agent is dissolved is 
subjected to a pH increase. 

Process according to Claim 8 in which the pH is 
increased to a pH higher than 5.5. 
Process according to Claim 9 in which the pH is 
increased to a pH higher than 6. 

Pxocess accorcmg to any one of Claims 4-10 in 
which a mixture containing dissolved p-lactam 
nucleus and/or acylation agent is subjected to a 
temperature decrease . 

Process according to Claim 11 in which the 
temperature is decreased to a temperature below 
15°C. 

13 . Process according to Claim 12 in which the 

temperature is decreased to a temperature below 
20 10°C. 

14. Process according to any one of Claims 7-13 in 
which the methyl ester of p - hydroxyphenyl glycine 
is used as acylation agent. 

15. Process according to any one of Claims 1-13 m 
25 which an amide is used as acylation agent. 

16. Process according to any one of Claims 1-15 in 
which "-amincdesacetoxycephalosporanic acid {7- 
ADCA) , 7 -amine -3 -chloro-cef -3 -em-4 -carboxylic 
acid (7-ACCA) , 6 - aminopeni c i 1 lanic acid (S-APA], 

20 7-aminocefaIcspcranic acid (7-ACA), 7 - amino- 3 - ( 1 - 

propenyl) -cef -3 -em-4 -carboxylic acid (7-?ACA), 7- 
aminc- 3 - ( 5 -methyl - l , 3 , 4 - thiadiazole- 2 - vl - 
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thiomethyl) -cef -3 -em-4-carboxylic acid (7-ACA- 
MMTE) or 7 -amino -3 -chlcro-8-cxo-l- 

azabicyclo[4.2.0]occ-2-ene-2-carboxylic acid is 
used as p-lactam nucleus. 
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